. In case of the Me G/C this sensitivity. Inactivation of the EXO1 gene, which substrate, only a small amount of the specific complex encodes the only exonuclease implicated in MMR to was formed at lower protein concentrations (w35% at date [8, 9], failed to rescue the hypersensitivity, which 16.4 nM scMutSα, Figure 2E , lane with an asterisk), but implies that scExo1 is not involved in the processing this amount was higher than that formed by the G/C of Me G residues by the S. cerevisiae MMR system. homoduplex substrate (w10%, see Figure 2D , lane with an asterisk). In both latter cases, the nonspecific band be pointed out that the affinity of the mismatch bind-(functional homolog of the human PMS2). These polying heterodimer for the methylated oligonucleotides is peptides are also functionally highly related to the huhighly dependent on sequence context, which is genman proteins, yet the MMR status of S. cerevisiae was erally not the case for G/T (our unpublished observareported not to influence the response of mgt1 mutants tions). Differences in DNA-damage recognition thus to methylating agents [3]. This difference between the cannot explain the difference in phenotype between lower and higher eukaryotic cells is unlikely to be due yeast and mammalian cells. We therefore argued that to the lack of apoptosis in yeast because mammalian these differences must lie in the processing of methylation damage downstream from damage recognition. Treatment of mammalian and yeast cells with MNNG *Correspondence: jiricny@imcr.unizh.ch was reported to give rise to elevated levels of homolo-
HR was elevated specifically in an MMR-dependent manner [4] [5] [6] [7] . Given that the efficiency of HR in S. cerevisiae is substantially higher than in mammalian cells, we wondered whether this could be the underlying cause of the different responses of these organisms to methylating agents. Inactivation of the RAD52 gene, which is required for most HR processes in S. cerevisiae, rendered the cells hypersensitive to MNNG. Additional inactivation of the MMR genes MSH2 or MLH1 had no effect on sensitivity, which was not particularly surprising given that these cells expressed scMgt1p (Figure 2A) . However, when the MGT1 gene was also inactivated, the mgt1 rad52 double mutant became exquisitely sensitive to MNNG, whereas the mgt1 rad52 msh2 and mgt1 rad52 mlh1 triple mutants were sensitized to a substantially lesser extent ( Figure 2B) . It therefore appears that MMR-mediated processing of Me G residues gives rise to cytotoxic intermediates that are resolved by homologous recombination. Due to the high efficiency of HR in yeast, these intermediates are most likely successfully repaired, which would account for the substantial resistance of MMR-proficient yeast cells to MNNG. Interestingly, the survival curve of the mgt1 rad52 strain appears to be biphasic ( Figure 2B ). At low MNNG concentrations (0.5-1.5 M), the inactivation of MSH2 or MLH1 fully suppresses the sensitivity of the mgt1 rad52 strain to MNNG, which shows that the killing is at this concentration range linked almost exclusively to the processing of Me G residues by the MMR system. In contrast, cell death at high MNNG concentrations (>3 M) is also most likely caused by other types of damage, such as strand breaks arising through processing of N-methylated purines and abasic sites, which account for more than 90% of the damage caused by these agents. Moreover, overexpression of scMgt1p in the rad52 strain failed to improve survival at high MNNG concentrations (data not shown), which further supports the hypothesis that the cytotoxicity is in this case linked to DNA modifications distinct from Me G. A similar situation was also observed in human cells [14] .
It is well established that both scMsh2p and scMlh1p are absolutely required for MMR, whereas the mechanism and players in the downstream events of the repair process remain enigmatic. We thus decided to examine the involvement of the EXO1 gene, which en- codes the only exonuclease implicated in MMR to date cesses, including mutation-avoidance pathways distinct from MMR, telomere integrity, and processing of (with the notable exception of the proofreading activity of polymerase delta [8, 15]) in the processing of methyldouble-strand breaks prior to homologous recombination, and it is likely that its functions overlap with those ation damage induced by MNNG. In contrast to MSH2 and MLH1 inactivation, which rescued the hypersensiof other exonucleases [16] . Although our data provide evidence that scExo1p is not required for the processtive phenotype of the mgt1 rad52 mutant strain, deletion of the EXO1 gene brought about a further, albeit ing of methylation damage, they fail to indicate which exonuclease (if any) fulfills this role in vivo. minor, increase in MNNG sensitivity (Figure 3) . These results suggest that scExo1p helps the cell overcome
The interaction between yeast MMR and HR in the processing of DNA damage has been described prethe deleterious effects of DNA methylation, rather than being involved in the MMR-dependent cytotoxic proviously [17] . In that study, disruption of MMR genes conferred a mild but significant (1.5-to 6-fold) resiscessing of Me G residues. The role of the scExo1p in MMR has been the subject of some discussion. The tance to cisplatin, carboplatin, and doxorubicin, and contrary to our results, the resistant phenotype was deprotein plays a role in several other biological pro- 
